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2 References

3 Definitions

2.1 Quality of Service

A collective measure of the level of service delivered between DEVs. QoS can be characterized by several basic performance criteria, including availability (low downtime), error performance, response time and

throughput, lost calls or transmissions, connection set-up time, and speed of fault detection and correction.
2.2 QoS Strictness

Three broad categories of QoS,  in a WPAN, are: best effort, differentiated, and guaranteed. The "strictness" of the QoS service describes how tightly the service can be bound by specific channel time allocations, delay, jitter, and loss characteristics.
4 Abbreviations and acronyms

CPCS

Common Part Convergence  Sublayer

DME

Device Management Entity

SSCS

Service Specific Convergence Sub layer

1.3.13 Stream Primitives

The IEEE 802.15.3 MLME supports these primitives at the MLME SAP:

MLME-CREATE-STREAM.request

MLME-CREATE-STREAM.indication

MLME-CREATE-STREAM.response

MLME-CREATE-STREAM.confirm

MLME-MODIFY-STREAM.request

MLME-MODIFY-STREAM.indication

MLME-MODIFY-STREAM.response

MLME-MODIFY-STREAM.confirm

MLME-TERMINATE-STREAM.request

MLME-TERMINATE-STREAM.indication

MLME-TERMINATE-STREAM.response

MLME-TERMINATE-STREAM.confirm

6.3.13.1 MLME-CREATE-STREAM.request (Comment ID # 918, 1425,1426,1429, 1434

This primitive is used to request the creation of a stream.  The semantics of this primitive are:


MLME-CREATE-STREAM.request



(



TargetDEvID,



StreamIndex,



CTR-Control,



CTR-Interval,



CTR-TU,



MinCTR-TUs,



DesiredCTR-TUs,



ARQPolicy,



StreamReqID



)

Parm Name: TargetDEvID;
Data Type: Integer;
Valid Range: 0-255; 
Description: is the DEVID with which the initiating DEV wants to establish a stream.

Parm Name: StreamIndex ;
Data Type: Integer;
Valid Range: 0-255;
Description: In the case of the DEV requesting to establish a stream, the stream index will be either a “0” for  asynchronous traffic or “254” for  an as yet unassigned streamIndex .

Parm Name: CTR-Interval;
Data Type: Integer; 
Valid Range: 0-32768; 
Description:  is dependent upon the value of the CTR-IntervalType.  When the CTR-IntervalType is TRUE, the CTR-Interval represents the number of superframes per GTS (e.g. 1/1 = 1 GTS /Superframe; 2/1 = 1 GTS every other Superframe; … etc). When the CTR-IntervalType is FALSE, the CTR-Interval represents the number of GTSs per Superframe.

Parm Name: CTR-TU;
Data Type: Duration; 
Valid Range: 0-65536; 
Description:  is the duration of one GTS.  The resolution of this parameter is 1 usec.

Parm Name: MinCTR-TUs;

Data Type: Integer; 
Valid Range: 0-255; 
Description:  is the minimum number of requested GTS Time Units below which the DEV can not support an isochronous stream. 

Parm Name: DesiredCTR-TUs;
Data Type: Integer; 
Valid Range: 0-255; 
Description:  is the desired number of  GTS Time Units that a DEV may request for best support of its isochronous stream.

Parm Name: ARQPolicy;

Data Type: Enumeration;
Valid Range: No_ACK, Immediate_ACK, Delayed_ACK, Implied_ACK;
Description:  indicates which ACK Policy the PNC needs to consider when allocating time for  the request.

Parm Name: StreamReqID;
DataType: Integer;
Valid Range: 0-255
Description: is a unique value created by the initiating DME to correlate this primitive with the response primitive it receives from the PNC MLME.

Parm Name: CTR-Control
 
Data Type: Octet;

Valid Range: NA;
Description:  contains information about the CTR (xref: 7.5.10.1).

1.3.13.1.1 When generated

This primitive is generated by an initiating DME to initiate a bi-partite stream negotiation between a DEV and its PNC.  The purpose of which is to establish a new stream between either  DEV-X and its DEV-1/PNC,  DEV-X and   peer DEV-Y, or DEV-1/PNC and DEV-X.

1.3.13.1.2 Effect of receipt

When a DEV MLME receives this primitive from its DME via the MLME-SAP, it generates a CHANNEL-TIME-REQUEST command, which is sent to its corresponding PNC MLME.  The PNC MLME upon receiving the CHANNEL-TIME-REQUEST command will send an MLME-CREATE-STREAM.indication to its PNC DME via the MLME-SAP.   

6.3.13.2 MLME-CREATE-STREAM.indication

This primitive is used to indicate a received  CHANNEL-TIME-REQUEST command.  The semantics of this primitive are:


MLME-CREATE-STREAM.indication



(



TargetDEvID,



RequestorDEVID,



Priority



)

Parm Name:  RequestorDEVID
Data Type: Integer;
Valid Range: 0-255?;
Description: is the DEVID of the DEV requesting a stream.

All other  parameters are defined in the clause entitled:  MLME-CREATE-STREAM.request.

1.3.13.2.1 When generated

This primitive is sent by the non-initiating PNC MLME to its DME after

a) receiving a CHANNEL-TIME-REQUEST command from the initiating DEV MLME

b) and determining, in the PNC MLME, that the requested CTA resources are available. 

1.3.13.2.2 Effect of receipt

When the PNC DME receives this primitive it will determine whether:

a) the TargetDEvID is in the piconet. If it isn’t, set the ReasonCode = DEV_UNASSOCIATED.

b) the TargetDEvID is authenticated.  If it isn’t, set the ReasonCode = DEV_UNAUTHENTICATED.

c)  the requested priority can be handled.  If it can not be handled,  then set the ReasonCode to PRIORITY_UNSUPPORTED.

before sending an MLME-CREATE-STREAM.response to its  MLME via the MLME-SAP. 

6.3.13.3 MLME-CREATE-STREAM.response

This primitive is used to initiate a response to an MLME-CREATE-STREAM.indication. The semantics of this primitive are:


MLME-CREATE-STREAM.response



(



Priority



ReasonCode



)

Parm Name: Priority;
Data Type: Integer;
Valid Range 0-7;

Description: is … ?.

Parm Name: ReasonCode;

Data Type: Enumeration;
ValidRange: DEV_UNASSOCIATED, DEV_UNAUTHENTICATED, and  PRIORITY_UNSUPPORTED; 
Description:  is used to indicate reason for failure.

1.3.13.3.1 When generated

This primitive is generated by the PNC DME upon receiving an MLME-CREATE-STREAM.indication.

1.3.13.3.2 Effect of receipt  

When the PNC MLME receives an MLME-CREATE-STREAM.response from its DME, it generates a CHANNEL-TIME-RESPONSE command , which is then sent to the initiating DEV MLME.

6.3.13.4 MLME-CREATE-STREAM.confirm (Comment ID # 1715, 466

This primitive is used to confirm the acceptance or rejection of a request to create a stream. The semantics of this primitive are:


MLME-CREATE-STREAM.confirm



(



StreamIndex, 

AvailableCTR-TUs,

ReasonCode



)

See the parameters defined for MLME-CREATE-STREAM.response.

1.3.13.4.1 When generated

This primitive is sent by the initiating MLME to its DME upon receiving either:

a) a RESPONSE_TIMEOUT

b) a CHANNEL-TIME-RESPONSE command with a StreamIndex = an UnassignedStream value, or an AvailableCTR-TUs value < minCTR-TUs value, or a ReasonCode = DEV_UNASSOCIATED, DEV_UNAUTHENTICATED,  PRIORITY_UNSUPPORTED, or REQUEST_DENIED.  

c) A CHANNEL-TIME-RESPONSE command with valid data and followed by a BEACON containing the requested CTA.

1.3.13.4.2 Effect of receipt

The initiating DME, when it receives the MLME-CREATE-STREAM.confirm primitive, is informed whether its stream request was successful or unsuccessful.  The  DME stream request is successful when the TargetDEvID is a valid associated DEVID and authenticated (if authentication is required), the StreamIndex is given an assigned value, the AvailableCTR-TUs value is equal or greater than the minCTR-TUs requested, and the ReasonCode = SUCCESS.  The DME stream request is unsuccessful when either the StreamIndex  is still equal to the UnassignedStream value,  the AvailableCTR-TUs value is less than the minCTR-TUs requested, or the ReasonCode =DEV_UNASSOCIATED, DEV_UNAUTHENTICATED, PRIORITY_UNSUPPORTED or RESPONSE_TIMEOUT.

6.3.13.5 Create Stream Message Sequence Charts

Figure 1 illustrates the sequence of messages involved in successfully establishing a DEV-2 to DEV-3 stream in a piconet.


[image: image1.wmf]PNC

DME

DEV-2

DME

DEV-2

MLME

DEV-3

MLME

DEV-3

DME

MLME-CREATE-

STREAM.req

CHANNEL-TIME-

REQUEST cmd

MLME-CREATE-

STREAM.ind

MLME-CREATE-

STREAM.rsp

CHANNEL-TIME-

RESPONSE cmd

MLME-CREATE-

STREAM.cfm

PNC

MLME

     Key

req = request

ind  = indication

rsp  = response

cfm  = confirm

cmd = command

BEACON

w/  DEV-1

requested

stream CTA

BEACON

w/ DEV-1

requested

stream CTA

ACK

Chk-

Resources

Evaluate

Req

Allocate

Resources

Build

Beacon





Figure 1 Bi-partite MSC for Creating a DEV-2 to DEV-3 Stream

Figure 2 illustrates the sequence of messages involved in successfully establishing a DEV-1/PNC to DEV-2 stream in a piconet.
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Figure 2 MSC for Creating a DEV-1/PNC to DEV-2 Stream

1.3.14 Stream modification

This mechanism supports the modification of the characteristics of a stream connection between DEVs. 

6.3.14.1 MLME-MODIFY-STREAM.request (Comment ID # 920, 141, 1435,

This primitive is used to request a modification to an existing stream.  The semantics of this primitive are:


MLME-MODIFY-STREAM.request



(



TargetDEVID,

StreamIndex,

CTR-Control,



CTR-Interval,



CTR-TU,



MinCTR-TUs,



DesiredCTR-TUs





)

Parm Name: StreamIndex;

Data Type: Integer;
Valid Range: 0-255;
Description: indicates the stream to be modified.

CTR-Control, CTR-Interval, CTR-TU, MinCTR-TUs, DesiredCTR-TUs   are defined in the clause entitled MLME-CREATE-STREAM.request.

1.3.14.1.1 When generated

This primitive is generated by an initiating DME to request a modification to an existing stream.

1.3.14.1.2 Effect of receipt

When a DEV MLME receives this primitive from its DME, it will generate a CHANNEL-TIME-REQUEST command, which it will send to the PNC MLME.  

The PNC MLME upon receipt of the CHANNEL-TIME-REQUEST command will perform a series of operations according to the steps outlined in 8.6.2
6.3.14.2 MLME-MODIFY-STREAM.confirm (Comment ID # 924

This primitive is used to inform the initiating DME whether the requested stream modification was successful or unsuccessful.  The semantics of this primitive are:


MLME-MODIFY-STREAM.confirm



(



StreamIndex,

AvailableCTR-TUs,

ReasonCode



)

The StreamIndex parameter is defined in clause entitled MLME-CREATE-STREAM.request.

The AvailableCTR-TUs parameter is defined in the clause entitled MLME-CREATE-STREAM.response.

1.3.14.2.1 When generated

The initiating MLME sends this primitive to its DME upon receiving either:

a) a RESPONSE_TIMEOUT,  

b) a CHANNEL-TIME-RESPONSE command with AvailableCTR-TUs = the previous AvailableCTR-TUs.

c)   or a CHANNEL-TIME-RESPONSE command  with AvailableCTR-TUs = DesiredCTR-TUs, followed by a BEACON containing the requested CTA modification .

1.3.14.2.2 Effect upon receipt

When the initiating MLME receives a RESPONSE_TIMEOUT it will send an MLME-MODIFY-STREAM.confirm with  ReasonCode =  RESPONSE_TIMEOUT to its  DME.

The initiating DME, when it receives the MLME-MODIFY-STREAM.confirm primitive, is informed whether its  request to modify a stream was successful or unsuccessful.  The  DME stream modification request is successful when the AvailableCTR-TUs value is equal to the DesiredCTR-TUs requested.  The DME stream modification request is unsuccessful when the AvailableCTR-TUs value is equal to the previous AvailableCTR-TUs or the ReasonCode = RESPONSE_TIMEOUT. 

6.3.14.3 Modify Stream Message Sequence

Figure 3 illustrates the message sequence involved when requesting a modification to an existing stream.
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Figure 3 MSC for Modifying a Stream

Figure 4  illustrates  the message sequence involved when a requested stream modification for an existing stream is denied.
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Figure 4 MSC for a Denied Stream Modification

1.3.15 Stream termination

These commands are used to terminate a stream connection between DEVs.

6.3.15.1 MLME-TERMINATE-STREAM.request

This primitive is used to request the termination of a specific stream.  The semantics of this primitive are:


MLME-TERMINATE-STREAM.request



(



StreamIndex



)

The StreamIndex parameter specifies the stream to be terminated.

1.3.15.1.1 When generated

This primitive is generated by the DME to request the termination of an existing stream.

1.3.15.1.2 Effect of receipt

When a DEV MLME receives this primitive from its DME, it will send a CHANNEL-TIME-REQUEST command (DesiredCTR-TUs=0), to the PNC MLME.  The PNC MLME, upon receiving the CHANNEL-TIME-REQUEST command, will send an ACK to the initiating DEV. 

6.3.15.2 MLME-TERMINATE-STREAM.confirm (Comment ID # 467

The primitive informs the initiating DME whether the requested stream termination was successful or not.  The semantics of this primitive are:


MLME-TERMINATE-STREAM.confirm



(



StreamIndex



ReasonCode



)

The StreamIndex parameter indicates the stream  terminated.

The ReasonCode  indicates whether the MLME-TERMINATE-STREAM.request was successful or unsuccessful.  If  successful, the ReasonCode indicates SUCCESS.  If unsuccessful, the ReasonCode indicates an ACK_TIMEOUT, where ACK_TIMEOUT indicates that the requesting DEV has not received an ACK from the PNC before the ACK-TIMEOUT timer expired.

1.3.15.2.1 When generated

The initiating DEV MLME sends this primitive to its DME after the DEV MLME receives either an ACK to its CHANNEL-TIME-REQUEST command (DesiredCTR-TUs = 0) or its ACK_TIMEOUT has expired. 

1.3.15.2.2 Effect of receipt

The initiating DME, when it receives this primitive, is notified whether its stream termination request was successful or unsuccessful.  If  unsuccessful (ACK_TIMEOUT), the initiating DME will resend an MLME-TERMINATE-STREAM.request to its MLME.  The MLME will then resend a CHANNEL-TIME-REQUEST command (DesiredCTR-TUs = 0) to the PNC.  If successful, the stream is terminated.

6.3.15.3 MLME-TERMINATE-STREAM.indication

This primitive is used to inform the originating DEV, that the channel time allocated for its stream is no longer present in the most recently received BEACON.  The semantics of this primitive are:


MLME-TERMINATE-STREAM.indication



(



StreamIndex



)

1.3.15.3.1 When generated

This primitive is sent by the stream originating DEV’s  MLME to its DME upon receiving a BEACON which no longer contains the originating DEV’s StreamIndexed CTAs.  The absence of the originating DEV’s CTAs from the BEACON is a consequence of the PNC deallocating the originating DEV’s channel time allocation  after receiving either an  MLME-DISASSOCIATE.request from the target DEV or an ATP-TO indicating that the target DEV is no longer associated with the PNC.

1.3.15.3.2 Effect of receipt

The DME upon receiving this primitive will terminate the stream associated with the indicated StreamIndex.

6.3.15.4 Terminate Stream Message Sequence Chart

Figure 5 Illustrates the message sequence involved when terminating a DEV-2 to DEV-3 Stream in a piconet.
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Figure 5 MSC for Terminating a DEV-2 to DEV-3 Stream

 Figure 6  illustrates the stream termination process that occurs when the stream between DEV-3(originator) and DEV-2 (target) is terminated as a consequence of DEV-2 disassociating from the piconet.


[image: image6.wmf]DEV-2

DME

DEV-2

MLME

DISASSOCIATE

cmd

MLME-

TERMINATE-

STREAM.ind

     Key

req = request

ind  = indication

rsp  = response

cfm  = confirm

SI = stream indx

PNC

MLME

PNC

DME

DEV-3

MLME

DEV-3

DME

MLME-DIS-

ASSOCIATE.ind

MLME-DIS-

ASSOCIATE.req

BEACON

w/ SI =x

CTA deleted

Deallocate

Resources

Build BEACON


Figure 6 MSC for a Target DEV-2 Disassociation Causing a Source DEV-3 Stream Termination

6.7 MAC sublayer

The MAC  provides stream-oriented service to the Packet Convergence Layer.  This service enables the Packet Convergence Layer to map Source/Target DEVAddresses to Source/Target DEVIDs and  and their associated Channel Time requirements to specific streams identified by stream indices.  This mapping of  Channel Time requirements to a specific stream is a primary attribute of this MAC protocol.  Streams, in this context, provide a mechanism for managing the Channel Time requirements of uplink (DEV->PNC), downlink (PNC->DEV), and peer link (DEV->DEV) streams. 

Streams are dynamic in nature, in that they may be created, modified, and deleted.  An established stream may need to be modified due to the type of service assigned to it.  For instance, IP services may require the Channel Time requirements of the stream to be modified due to the burst nature of the service.  

6.8 MAC SAP

The MAC  SAP defines the logical interface between the MAC and the Packet Convergence Layer above it.  This logical interface description includes a list of primitives and their definitions.  Although these primitives and their definitions are informative, they provide a context in which to understand the parameters, which need to be passed between the MAC and the Packet Convergence Layer so that each sub layer may fulfill its specified functions.

The IEEE 802.15.3 MAC  supports these Asynchronous and Isochronous primitives at the MAC  SAP:

· Asynchronous primitives:

· MAC-UNITDATA.request

· MAC-UNIDATA.indication

· Isochronous primitives:

· MAC-DATA.request

· MAC-DATA.indication

1.8.1 Asynchronous data primitives

6.8.1.1 MAC-UNITDATA.request

This primitive is used to initiate the transfer of a MAC PDU from one MAC entity to another MAC entity or entities. The semantics of this service primitive are:

MAC-UNITDATA.request



(



TargetDEVID,



SourceDEVID,



Priority,



Policy,



Length,



Data,



)

Parm: TargetDEVID
Type: Integer
Range: 0-255
Description: is the DEV ID to which the MAC PDU is to be sent.

Parm:  SourceDEVID 
Type: Integer
Range: 0-255
Descripton: is the DEV ID from which the MAC PDU is sent.

Parm: Priority

Type: Integer
Range: 0 to 7
Description:  Specifies the priority with which the data is to be sent from one MAC entity to another.  See Table xx for interpretation of priority values.

Parm: Policy
Type:  Enumeration
Range:  ACK, NO-ACK
Description: Specifies whether the MAC SDU is to be acknowledged or unacknowledged.

Parm: Length

Type: Integer
Range: 

Description: Specifies the octet length of the MAC SDU.

Parm: Data

Type: octet
Range: 

Description: Specifies the data portion of the MAC SDU.

1.8.1.1.1 When generated

This primitive is sent by the Packet Convergence Layer to the MAC SAP after receiving a CL-UNITDATA.request from the LLC sub layer.

1.8.1.1.2 Effect upon receipt

The MAC upon receiving this primitive uses the received parameters to format an appropriate MAC PDU which is then sent to the PHY-SAP for transfer over the wireless media to a peer MAC entity or entities.

6.8.1.2 MAC-UNITDATA.indication

This primitive is used to indicate the reception of a MAC SDU.  The semantics of the service primitive

MAC-UNITDATA.indication



(



TargetDEVID,



SourceDEVID,



Priority,



Length,



Data



)

The TargetDEVID, sourceDEVID, Priority, Length, and Data parameter definitions are the same as in clause 6.8.1.1

1.8.1.2.1 When generated

This primitive is generated by the MAC upon successfully processing a received MAC PDU.

1.8.1.2.2 Effect upon receipt

When the Packet Convergence Layer receives this primitive from the MAC it will generate a CL-UNITDATA.indication.

6.8.1.3 An Asynchronous Stream creation MSC

Figure 7 illustrates the sequence of messages involved in establishing a DEV-2 to DEV3 asynchronous stream in a piconet.


[image: image7.wmf]PNC

DME

DEV-2

MLME

CHANNEL-TIME-

REQUEST cmd

MLME-CREATE-

STREAM.ind

MLME-CREATE-

STREAM.rsp

ASynch-

TxPDU.cfm

PNC

MLME

     Key

req = request

ind  = indication

rsp  = response

cfm  = confirm

cmd = command

BEACON

w/  DEV-2

requested

stream CTA

Chk-

Resources

Evaluate

Req

Allocate

Resources

Build

Beacon

ACK

MAC-UNIT-

DATA.req

DEV-2

Packet CL

DEV-2

MAC-Q

Asynch-

TxPDU.req

BEACON

w/ DEV-2

requested

stream CTA

DEV-3

MAC-Q

DEV-3

MLME

ASYNCH-DATA

frame

DEV-3

Packet CL

MAC-UNIT-

DATA.ind


Figure 7 MSC for Establishing an Asynchronous Stream

AsynchTxPDU.req and AsynchTxPDU.cfm are informative internal primitives created to illustrate one method of initiating an Asynchronous CHANNEL-TIME-REQUEST command without sending an MLME-CREATE-STREAM.request primitive from the DME to the MLME.

1.8.2 Isochronous data primitives

6.8.2.1 MAC-DATA.request

The semantics of this service primitive are:

MAC-DATA.request



(



TargetDEVID,



SourceDEVID,



Priority,



StreamIndex,



Length,



Data



)

The TargetDEVID,  SourceDEVID, Length, and Data  are defined in clause 6.8.1.1.

Parm: StreamIndex
Type: Integer
Range:0 to 255
Description: Specifies the stream over which the data is to be sent.

1.8.2.1.1 When generated

This primitive is sent by the Packet Convergence Layer to the MAC SAP after receiving a CL-DATA.request from the LLC sub layer and then assigning it an appropriate StreamIndex.

1.8.2.1.2 Effect upon receipt

The MAC upon receiving this primitive uses the received parameters to format an appropriate MAC PDU which is then sent to the PHY-SAP for transfer over the wireless media to a peer MAC entity or entities.

6.8.2.2 MAC-DATA.indication

This primitive is used to indicate the reception of a MAC SDU

Semantics of the service primitive

MAC-DATA.indication



(



TargetDEVID,



SourceDEVID,



Priority,



StreamIndex,



Length,



Data



)

The TargetDEVID, SourceDEVID, Length, and Data parameter definitions are the same as in clause 6.8.1.1. The StreamIndex defintion is the same as in clause 6.8.2.1

1.8.2.2.1 When generated

This primitive is generated by the MAC upon successfully processing a received MAC PDU.

1.8.2.2.2 Effect upon receipt

When the Packet Convergence Layer receives this primitive from the MAC it will generate a CL-DATA.indication.

7. MAC frame formats

7.5.10.1 Channel time request command (Comment ID #  359,361,725,726,751,837, 839,840, 1094,1098, 1116,1118,1339,1340, 1121,1533,1716)

Text for the first paragraph of this clause is in document 02/100r4
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Figure 8 CHANNEL-TIME-REQUEST command frame format

TargetDEVID is the DEV with which the stream originating DEV is requesting channel time from the PNC.

Stream Index field is defined in  clause 7.2.4.  with this additional caveat: a Stream Index field  initialized with the “UnassignedStream” value by a stream originating DEV is used to indicate to the PNC that this is a new stream.

Stream Request ID is defined in 7.5.10.3

“The SPS Set Index is used to identify the SPS set that the CTR is associated with if the CTR is an SPS CTR.”(excerpt from doc:02/100r4)   

The CTR Control field shall be formatted as illustrated in Figure 9
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Figure 9 CTR Control field

Excerpt from document 02/100r4: 

“…The CTR Control field contains information about the CTR.    

The 3-bit Priority field in Figure 9 is defined in A.3.

The Stream Type field indicates whether the CTR is for an Asynchronous or Isochronous stream.

The CTR-EPS Type field indicates if the CTR is an Active CTR or an SPS CTR.  

The GTS Type field  indicates if the request is for dynamic or pseudostatic GTS

 The CTR Interval Type field indicates whether the CTR Interval field represents the number of slots per superframe, or the number of superframes per slot.  If the CTR Interval Type is zero, the CTR interval is the requested number of slots per superframe.  This allows an extremely latency sensitive application to request multiple slots per superframe.  If the CTR Interval Type is one, then the CTR Interval is the number of superframes between slots, allowing a DEV to request a slot every n superframes.  Regardless of the CTR Interval Type field, if the CTR Interval field is zero, the DEV is requesting its fair share of as much channel time as is available.  This can be used for types of asynchronous traffic that can use as much bandwidth as is available. 

The CTR Time Unit field indicates the unit of time that the DEV is using for its request.  This allows the PNC to know what units of GTS time the DEV can make use of so that the PNC can efficiently allocate GTS time that is more than the minimum needed by the DEV, but less than the desired.   It also enables the PNC to fragment a slot if necessary.   The resolution of this field is 1 µs and therefore has a range of [0-65535] µs.

The Minimum CTR Time Units field indicates the minimum number of CTR Time Units that are required per slot.

The Desired CTR Time Units field indicates the desired number of CTR Time Units per slot.  Desired CTR Time Units shall be greater than or equal to Minimum CTR Time Units. …  “

7.5.10.2 Channel time response command

The format of a CHANNEL-TIME-RESPONSE command shall be formatted as illustrated in Figure 10.
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Figure 10 CHANNEL-TIME-RESPONSE command frame format

The Stream Request ID is defined in clause 7.5.10.3.

The Stream Index is defined in clause 7.2.4. 

The AvailableCTR-TUs  is used by the PNC to indicate to the requesting DEV the CTR-TUs it has assigned to the requested stream.  If the AvailableCTR-TUs is greater than or equal to the MinimumCTR-TUs requested or less than or equal to the DesiredCTR-TUs requested  the requesting DEV is informed that there is channel time available.  If, however, the AvailableCTR-TUs are less than the MinimumCTR-TUs requested, the requesting DEV is informed that the PNC is unable to fulfill the DEV’s request for channel time.

Reason Code is a an octet field that is valid when a channel time request is being completed, rejected or disconnected.  Valid reason codes are:

· 0 -> SUCCESS

· 1 -> DEV_UNASSOCIATED

· 2 -> DEV_UNAUTHENTICATED

· 3 –> PRIORITY_UNSUPPORTED

· 4 - 255 -> Unassigned

8. MAC functional description

8.6 Stream management

8.6.1 Stream creation  (Comment ID # 69,377,378, 379, 1144,1146,1563,

An asynchronous or isochronous stream between any two DEVs in a piconet shall be created via a bi-partite communication/negotiation between the DEV originating the stream and the PNC. Once a stream index and channel time allocation are established, the stream is sent peer to peer.

Only a stream originating DEV shall send a CHANNEL-TIME-REQUEST command to the PNC.   

The values for  stream type, GTS Type, and CTR Interval Type (xref: 7.5.10.1) shall be non-negotiable and are decided by the DEV that is sending the channel time request. These values shall not be changed anytime after the first transmission of the command frame containing the request for that stream.

The channel time requirements of the stream shall be negotiated between the stream originating DEV and the PNC using the CHANNEL-TIME-REQUEST and CHANNEL-TIME-RESPONSE commands. 

In the case where the stream originating DEV desires to establish an isochronous stream with a target DEV, the stream originating DEV shall send a CHANNEL-TIME-REQUEST command (xref: 7.5.10.1) to the PNC with these parameter values:

· Target DEVID field is set to the DEVID with which the originating DEV desires to establish a stream.

· Stream Index field is set to the “UnassignedStream” value (0d254, or 0xFE)

· Stream  Request ID field is set to a unique value between 1 and 255 for the duration of the negotiation.

· Priority field is set to a value between 0b011 and 0b110 as defined in A.3

· Stream Type field is set to the bit value indicating an isochronous stream.

· All the other CHANNEL-TIME-REQUEST command parameters are set to appropriate values as defined in 7.5.10.1
The PNC upon receiving the CHANNEL-TIME-REQUEST command from the stream originating DEV shall respond with a CHANNEL-TIME-RESPONSE command (xref: 7.5.10.2 to the requesting DEV with these CHANNEL-TIME-RESPONSE command parameters values (if the requested Channel Time is available):

· Stream Index field is set to a value greater than 0 and less than 254 to indicate that the isochronous stream has been allocated channel time.

· AvailableCTR-TUs field is set to a value greater than or equal to the MinimumCTR-TUs and less than or equal to the DesiredCTR-TUs requested.

· Reason Code field is set to SUCCESS

The PNC shall then wait for an ACK from the requesting DEV before updating the  BEACON with the newly assigned isochronous stream CTAs .

If, however,  the requested Channel Time is not available, the PNC shall respond to the requesting DEV with these parameter values:

· Stream Index field set to the UnassignedStream value

· AvailableCTR-TUs field set to a value less than the MinimumCTR-TUs requested. 

· Reason Code field set to the REQUEST_DENIED value.

The requesting DEV upon receiving this CHANNEL-TIME-RESPONSE command and indicated parameters may accept its denied request as final,  it may resend its original request, or it may modify its original request with new parameters.

If the Target DEVID is not available, the PNC shall respond to the requesting DEV with these parameter values:

· Stream Index field set to the UnassignedStream value.

· Available CTR TUs field set to a value greater than or equal to the MinimumCTR-TUs and less than or equal to the DesiredCTR-TUs requested. 

· Reason Code field set to the either the DEV_UNASSOCIATED, or DEV_UNAUTHENTICATED value.

See Figure 1 and Figure 2 in clause 6.3.13.5 for the message sequence chart illustrating the described process.

In the case where the stream originating DEV desires to establish an asynchronous stream with a target DEV, the stream originating DEV shall send a CHANNEL-TIME-REQUEST command (xref: 7.5.10.1) to the PNC with these parameter values:

· Target DEVID field is set to the DEVID with which the originating DEV desires to establish a stream.

· Stream Index field is set to zero.

· Stream  Request ID field is set to a unique value between 1 and 255 for the duration of the negotiation.

· Priority field is set to a value between 0b000 and 0b001 as defined in A.3

· Stream Type field is set to the bit value indicating an asynchronous stream.

· All the other CHANNEL-TIME-REQUEST command parameters are set to appropriate values as defined in 7.5.10.1
The PNC upon receiving the CHANNEL-TIME-REQUEST command from the stream originating DEV shall respond with a mandatory ACK to the requesting DEV.  If the requested Channel Time is available the PNC shall respond to the requesting DEV with a BEACON containing CTAs with the source and target DEVID fields appropriately set.

8.6.2 Stream modification

Only a stream originating DEV may  modify an established stream by requesting the PNC to either  increase or decrease the channel time allocated to one of its streams.  The stream originating DEV desiring to modify the channel time allocated to one of its streams shall send the PNC a CHANNEL-TIME-REQUEST command with these parameter values:

· TargetDEVID field is set to the DEVID with which the originating DEV has an established stream.

· StreamIndex field set to the value of the stream to be modifed

· Stream  Request ID field is set to a unique value between 1 and 255 for the duration of the negotiation.

· MinimumCTR-TUs field is set to its original values

·  DesiredCTR-TUs field is set to a value greater than or equal to the MinimumCTR-TUs or greater than the current AvailableCTR-TUs.

The PNC upon receiving the CHANNEL-TIME-REQUEST command shall check to see if the requested resources are available.  If the requested channel time is not available, the PNC will 

· Send a CHANNEL-TIME-RESPONSE command with the AvailableCTR-TUs  = to the previously assigned AvailableCTR-TUs,

· await an ACK from the requesting DEV, and

· make no modification to the existing BEACON CTAs for the DEV requesting the modification.

If the requested channel time is available, the PNC will 

· reserve the requested channel time, 

· send a CHANNEL-TIME-RESPONSE command with the AvailableCTR-TUs = DesiredCTR-TUs , 

· await an ACK from the requesting DEV, and 

· build a new BEACON with the requested channel time.

See Figure yyy in clause 6.3.14.3

8.6.3 Stream termination

Only the PNC or the stream originating DEV may terminate an established stream.  In the case where a stream originating DEV desires to terminate a specific stream, it shall send the PNC the CHANNEL-TIME-REQUEST command with these parameter values:

· TargetDEVID field is set to the DEVID with which the originating DEV desires to terminate a stream.

· StreamIndex field set to the value of the stream to be terminated

· Stream  Request ID field is set to a unique value between 1 and 255 for the duration of the negotiation.

· MinimumCTR-TUs and DesiredCTR-TUs fields set to zero.

The PNC upon receiving the CHANNEL-TIME-REQUEST command from a stream originating DEV shall respond with an ACK followed by a BEACON in which the CTAs assigned to the indicated StreamIndex are removed.

In the case where a stream originating DEV-1/PNC desires to terminate the stream, it shall notify the target DEV  via  the next periodic  BEACON that the CTAs assigned to the indicated StreamIndex are removed.

The only case in which a target DEV may terminate a stream is when it transitions from its associated state to a disassociated state as a result of  sending the PNC a DISASSOCIATE-REQUEST command or its ATP timer expires.  The PNC upon receiving either a DISASSOCIATE-REQUEST command  or an ATP expiration shall notify the originating stream DEV via the BEACON that the streams associated with the disassociating DEV are terminated.

A. Packet Convergence layer

The Packet Convergence layer, as illustrated in Figure 11, is composed of two sublayers: a  Service Specific Convergence Sublayer ( SSCS), and a Common Part Convergence sublayer (CPCS). 

The Packet Convergence Layer supports these functions:

a) receiving PDUs from upper protocol layers via the SSCS-SAP

b) classifying received PDUs and processing the same if required

c)  delivering each Packet based PDU to the MAC SAP

d) receiving Packet based PDUs from a peer Packet Convergence layer via the MAC-SAP.
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Figure 11 802.15.3 Protocol Layer Model

A.1 Service Specific Convergence Sublayer

The Service Specific Convergence Sublayer ( SSCS), supports these functions:

a) receiving upper layer Packet PDUs via the SSCS-SAP, 

b) classifying each received PDU, 

c) mapping each received PDU to a specific StreamIndex,

d) mapping each received PDU 48-bit source and destination address to a corresponding  8-bit, 802.15.3 source and destination address 

e) delivering each valid Packet SDU to the Common Part Sublayer

f) Receiving Packet SDUs from the Common Part Sublayer.

The SSCS currently supports transport of packets received from  the IEEE 802.2 upper layer protocol.

A.1.1 Classification

The Packet SSCS PDU classification process maps each Packet SSCS PDU to a specific Stream-ID.  Each Stream-ID has associated with it a set of QoS characteristics.  Consequently, after classification, each Packet SSCS PDU will be delivered using the QoS parameters specified for the Stream-ID.

The classification process uses one or more Classification parameters sets to analyze each packet entering the 802.15.3 Packet SSCS.  Each set includes a classification priority, StreamIndex, and protocol specific parameters such as destination MAC address, source MAC address, and optionally a priority parameter.  If a Packet SSCS PDU, received from an upper layer protocol, matches the specified protocol specific parameters, it is then sent to the Common Part Convergence Sublayer.  If the Packet SSCS PDU does not match the specified protocol parameters, the packet may be delivered using either a default Stream-ID or the packet may be discarded.  The policy for deciding how to handle a packet in this instance is outside the scope of this standard.   Figure 12 provides a graphical representation of the entities involved.

In the case where more than one classification parameters set is available, the classification process first shall use the classification parameters set containing the highest valued classification priority parameter.  If no match is found with the first classification parameters set, the next highest priority classification parameters set will be applied.  This process will repeat itself until either the incoming packet is properly matched and assigned to a specific Stream-ID for subsequent delivery, or there are no more classification parameters sets available and the incoming packet is either discarded or delivered with a default delivery QoS.
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Figure 12 Classifications and StreamIndex Mapping

A.2 Common Part Convergence Sublayer (CPCS)

The functions of the CPCS are to support:

· fragmenting of  SDUs received from the SSCS.

· defragmenting of PDUs received from the MAC  via the MAC-SAP

· queuing 

·  delayed acknowledgements

A.3 IEEE 802.2 Logical Link Control service specific convergence sublayer

The 802.2 SSCS supports two QoS types, which are negotiated during the association process:

a) Best Effort

This is the default QoS type that be shall be supported.  All xx PDUs are handled the same (i.e. no QoS guarantees are provided regarding delivery of the received PDU).

b) IEEE 802.1p priority based QoS scheme

The 802.1p priority scheme provides basic support for 1 to eight  (0-7) traffic types.  The 8 different traffic types are illustrated in Table 1 IEEE 802.1p Traffic Types.

Table 1 IEEE 802.1p Traffic Types

	User Priority
	Traffic Type
	Used for:
	Comments

	0 (Default)
	Best Effort (BE)
	Asynchronous data. 
	Default WPAN traffic

	1
	Background (BK)
	Asynchronous
	 

	2
	-
	A spare. 
	Currently, not assigned.

	3
	Excellent Effort (EE)
	Isochronous
	For valued customers

	4
	Controlled Load (CL)
	Isochronous
	Traffic will have to conform to some higher protocol layer admission control.

	5
	Video (VI)
	Isochronous
	< 100 ms delay and jitter

	6
	Voice (VO)
	Isochronous
	< 10 ms delay and jitter

	7
	Network Control (NC)
	
	


A.3.1 IEEE 802.2 CS classification parameters set

The 802.2 CS classification parameters set contains zero or more of these 802.2 parameters:

a) Destination MAC address

This parameter specifies a 48-bit IEEE MAC Destination Address.

b) Source MAC address

This parameter specifies a 48-bit IEEE MAC Source Address.

c) Priority

This parameter specifies the priority assigned to each 802.2 PCS-PDU according to IEEE 802.1D.


In addition, these classification parameters are used:

a) classification priority

b) StreamIndex

A.3.2 Data entity inter-relationships

Figure 13 illustrates the relationship among the SDU, Classification Set, Connection and PDU entities.   These entities and the underlying protocol mechanisms that establish these entities and their relationship with each other are key to enabling support for QoS delivery of PDUs from one MAC entity to another. 
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Figure 13 Data Entity Inter-relationship Model
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